RNA polymerase activity was assayed in different particle classes of Penicillium stoloniferum virus S. RNA polymerase activity was found to be associated with H particles, which contain double-stranded RNA and singlestranded RNA, but not with L particles, which contain only double-stranded RNA and not with M particles, which contain only single-stranded RNA. In H particles the reaction occurred with the formation of one new molecule of double-stranded RNA (or two complementary single strands of RNA) per virus particle and the production of product particles (P particles), which contained two molecules of double-stranded RNA (or its equivalent). This RNA polymerase is therefore a replicase, which catalyses the synthesis of the two complementary strands of double-stranded RNA in a single virus particle. This is the first report of this type of RNA polymerase system.
INTRODUCTION
RNA polymerase activity has been shown to be associated with virions (or cores derived from virions by proteinase action) of double-stranded RNA viruses of animals and higher plants, such as reovirus, cytoplasmic 1 polyhedrosis virus and wound tumour virus . In these cases the enzymes function as transcriptases and the multiple copies of virus messenger RNA molecules produced are released from the particles. In addition sub-viral particles, isolated from reovirus infected cells, were found to contain a different RNA polymerase activity, synthesising double-stranded RNA on a single-stranded RNA template; in this case the RNA product remained associated with the sub-viral particles, which are believed to be precursors 2 of mature virions .
Recently RNA polymerase activity has been detected in particles of double-stranded RNA viruses from a number of fungi (Penicillium 3 4 5 stoloniferum , Penicillium chrysogenum and Aspergillus foetidus ) . In the case of P. stoloniferum viruses the product of reaction was double-stranded RNA of the same molecular weight as virus genomic RNA, and remained within 6 the particles . Because of the limited amount of RNA synthesis obtained, 6 it was postulated by Chater & Morgan as a working model that the synthesis consisted of "filling-in" of short single-stranded R N A t a i l s on predominantly double-stranded R N A molecules. In the present paper it is shown that, in the case of P. stoloniferum virus S, the virus particle R N A polymerase is a replicase, which, using virus genome double-stranded R N A as template, catalyses the formation of one new double-stranded R N A molecule per virus p a r t i c l e .
METHODS
Preparation and purification of virus and virus RNA. Penicillium stoloniferum, strain ATCC 14586, was grown in shaken flasks for 2 days and virus was obtained from the homogenised mycelium as described previously , except that the stage involving co-precipitation with yeast RNA was omitted.
8 Virus preparations were purified by sucrose density gradient centrifugation and separation of P. stoloniferum virus S and P. stoloniferum virus F, was carried out as described by Buck & Kempson-Jones . Virus preparations were finally dialysed against 30 m M tris-HCl buffer, pH 8.0, sterilised by f i l t r a t i o n through Millipore GSWPO1300 f i l t e r s and stored at 4 C. Virus RNA was prepared by phenol extraction as described previously . For assay of H in fractions from caesium chloride density gradients, samples (0.05 ml) were mixed with 2-methoxyethanol (5 ml) and scintillant (10 ml, 0.6% butyl PBD + 5% naphthalene in toluene), prior to scintillation counting.
Measurement of specific activity of RNA in P particles. P particles, from RNA polymerase reactions of virus fractions isolated from sucrose density gradients, were isolated by isopycnic caesium chloride density gradient centrifugation and dialysed against 1.5 mM sodium citrate buffer, pH 7.0, containing 15 nM NaCl (5 X 5 ! ) • Samples (0.5 ml) were made 0.2% with respect to sodium dodecyl sulphate and incubated at 60 C for 20 min in order to disrupt the virus particles and release the virus RNA Samples were then lyophilised and taken up in water (0.05 ml). After heating to 60 C for 10 min and cooling, samples were analysed by electrophoresis in 4% polyacrylamide gels for 2 h as described by Buck & Kerapson-Jones , except that the gels were prepared and run in silica tubes. After electrophoresis gels were scanned at 250 nm using a Gilford Model 240 spectrophototneter equipped with a Model 2-410-S Linear Transport.
The amount of RNA in the gels was quantitated* from the areas of the peaks, using gel scans obtained from solutions of P. stoloniferum virus S L particle RNA for calibration.
After removal from the silica tubes the gels were sliced into 1 mm segments using a Mickle gel slicer and the gel slices were digested and In order to obtain higher resolution a second portion of the Fractionation of the products of P. stoloniferum virus S RNA pDlymerase reaction by isopycnic centrifugation in a caesium chloride density gradient.
solution was centrifuged to equilibrium in the Beckman Model E analytical ultracentrifuge and the u.v. scan, together with a similar profile of unreacted virus, is shown in Fig. 3(a and b) . It is clear that RNA synthesis occurred in the whole range of H particles which were converted to the more dense P particles; two classes of P particles, PI and P2, were resolved with densities of 1-387 and 1.393 respectively. These profiles also confirm that M and L particles were unchanged in density or amount.
Inclusion of S-adenosyl methionine (SAM) in the RNA polymerase reaction mixture at final concentrations of 1 uM, 10 uM or 100 uM had no effect on the rate or final amount of RNA synthesis achieved by P. stoloniferum virus S. Moreover when the products, in reactions containing 1 uM, 10 pM or 100 uM SAM, were analysed by preparative and analytical caesium chloride gradient centrifugation, they were found to be identical to those in which reactions were carried out in the absence of SAM. Profiles identical to those shown in Fig. 2 and Fig. 3 After polymerase reaction the products in all cases were P particles; only the H particles had reacted and the L particles were unchanged. The largest increase in density (and consequently the largest amount of RNA synthesis per H particle) was observed in the conversion of the H particles in fraction 11 to P particles. Analytical caesium chloride density gradient centrifugation (Fig. 3c) showed that this fraction, before reaction, consisted mainly of Ll particles (inactive), together with small amounts of L2 particles (inactive) and H particles (active), present as an asymmetry on the more dense side of the Ll peak. The products of RNA polymerase reaction from this fraction were mainly PI particles (containing RNA-Sl) with a small amount of P2 particles (containing RNA-S2) \ the L particles (about 95% of fraction ll) were unchanged (Fig. 3d) . It is clear that since the H particles in this fraction had densities between those of Ll and L2 particles, the single-stranded RNA molecules in these H particles must have molecular weights between 0 and 0.17 x 10 (the difference in molecular weights of RNA-Sl and RNA-S2). As expected, progressively smaller increases in buoyant densities were observed in the conversion of H particles in fractions from 12 to 19 to P particles.
Because fractions 11 to 19 contained decreasing amounts of L particles which were unchanged after polymerase reaction, in order to measure the specific activity of the RNA product, it was necessary to separate the P particles from the unreacted L particles. P particles were isolated by preparative isopycnic caesium chloride density gradient centrifugation of selected reacted fractions, and RNA isolated from each fraction was examined by polyacrylami de gel electrophoresis. The amount of RNA in each gel was quantitated by scanning at 260 nm and then each gel was 3 fractionated and the gel slices were counted for H-incorporation.
Approximately equal incorporation on a weight basis was found for RNA-S1
and RNA-S2, but since resolution was incomplete, for greater accuracy they were treated as a single species. The G + C content of P. stoloniferum virus S double-stranded RNA has been estimated to be 53%. Using this value it was calculated that 1 pinole of H-UTP incorporated was equivalent to 1.367 ng of RNA synthesised. It was then possible to calculate the % of newly synthesised RNA in the P particles from each fraction. Since each P particle contained a molecule of template double-stranded RNA in addition to the newly synthesised RNA it was possible to calculate the amount of newly synthesised RNA (in daltons) per virus particle. A value of 0.94 x 10 was taken for the molecular weight of template RNA in fraction 11, since this fraction contained mainly RNA-S1 and an average value of 1.03 x 10 was taken for the molecular weight of template RNA in fractions 12 to 19 which contained approximately equal amounts of RNA-S1 and RNA-S2. The results are shown in Table 1 . Table 1 Amounts of newly synthesised RNA in P particles isolated from RNA polymerase reactions of fractions of P. stoloniferua virus S.
Fraction no.
( Fig. 1 The results in Table 1 show that the maximum amount of RNA synthesis occurred in H particles in fraction 11 (Fig. l) (Table l) is consistent with their progressively increasing densities and hence additional RNA already synthesised _in vivo, and supports the view that these particles represent intermediates in double-stranded RNA replication.
It is clear that the most dense H particles, labelled HI and H2 in Fig.   3 (a), are those in which the reaction has almost been completed in vivo.
Only small density changes ( Fig. 3a and 3b ) and small amounts of RNA synthesis ( Table 1, Council which is gratefully acknowledged.
